In Lepidoptera, the behavior of caterpillars to plant odors is poorly known. However, caterpillars are equipped with a reduced number of olfactory sensilla (3 on the antenna and 4-5 on the maxillary palps) which they can use to make fine discrimination between complex plant odors. In this work, we characterized behavioral responses of Spodoptera littoralis larvae to 11 odorants found in plants using binary choices in a Petri dish assay. In this assay, 1-hexanol, hexanal and cis-jasmone elicited a dose-dependent attraction, camphene and eugenol were repellent, while the response to other odorants were less marked. We recorded the electrophysiological responses to 5 of these odors from olfactory neurons of sensillum B2 of the antenna. Several neurons from this sensillum responded to each of the chemicals tested by an increase of their firing activity on top of a high background activity, suggesting that olfactory neurons of caterpillars is broadly tuned to a range of odorants rather than being specialized to a few molecules.
INTRODUCTION
Despite their small size and rudimentary olfactory system, phytophagous caterpillars are capable of discriminating complex odors. Numerous examples show that they can actively orient toward volatiles from their host plant (Carroll and Berenbaum, 2002; Huang and Mack, 2002; Singh and Mullick, 2002; Castrejon et al., 2006; Becher and Guerin, 2009 ), toward plants attacked by conspecifics larvae (Carroll et al., 2006 (Carroll et al., , 2008 Mooney et al., 2009) , or selectively move away from odors of non-host plants (Piesik et al., 2009) , and even detect conspecific adult female pheromone (Poivet et al., 2012) . Several species can learn the odor of their host plant on which they feed (Saxena and Schoonhoven, 1982; Carlsson et al., 1999; Rojas and Wyatt, 1999) , and perform associative learning with tastants (Salloum et al., 2011) , with noxious stimuli associated with feeding on a noxious host plant (Dethier, 1980a) or with an electric shock (Blackiston et al., 2008) . They have thus a very elaborate olfactory system which enables them to make ecologically relevant choices, even if the emphasis has long been placed on the adult female choice to find a proper host (Bernays and Graham, 1988; Thompson, 1988; Jallow and Zalucki, 2003) , under the assumption that larvae are less mobile than adults and that "mother knows best" (Garcia-Robledo and Horvitz, 2012) .
Given the variety of situations in which odors play an important role in the behavior of phytophagous larvae and given their economic importance as pest of crops, it is surprising that their olfactory system is not better described. As revealed by recent approaches (Vogt et al., 2002; Tanaka et al., 2009; Del Campo et al., 2011; Jacquin-Joly et al., 2012; Liu et al., 2012) , olfactory organs express a number of olfactory-specific genes, from which only a subset are expressed in the larvae. For example, in Bombyx mori, out of 66 olfactory receptor (OR) genes identified from genome analyses, 6 are uniquely expressed in the larvae and 18 are expressed both in the larvae and the adults (Tanaka et al., 2009 ). In the cotton leafworm Spodoptera littoralis, 47 olfactory receptor genes have been identified, 22 of which are expressed in larval chemosensory organs (Poivet et al., 2013) . However, very few attempts have been made to characterize the responses of larval antennal receptor neurons (Morita and Yamashita, 1961; Schoonhoven and Dethier, 1966; Dethier and Schoonhoven, 1969; Dethier, 1980b) or from maxillary palp receptor neurons in Lepidoptera (Roessingh et al., 2007) .
In this work, we combined behavioral and electrophysiological approaches to ask if a correlation could be found between the attractiveness or repellent effect of odorants and the responses of olfactory cells recorded at the level of the antenna of Lepidoptera larvae. The reasoning behind this question is that if the olfactory system of the larvae is much simpler than in the adult, it may be structured differently than in the adult where multiple biologically-relevant situations tend to be detected by tuning specialized odorant receptors to salient odors (Hansson and Stensmyr, 2011) . In larvae instead, given the low number of olfactory neurons present in their antennae and the simpler behavioral repertoire, we might find olfactory receptor neurons responding preferentially to attractive odorants and other responding mostly to repellent odors. In addition, we were particularly interested in analyzing the time course of the responses to repellent chemicals, which are often described as inducing a hyperpolarization, as inhibiting the spiking activity and/or as inducing a long after-response.
We studied S. littoralis Boisduval (Lepidoptera: Noctuidae) larvae first by characterizing their behavioral responses to a set of 11 odors of plant origin, chosen because they are commonly occurring in plants and because they have been reported to have either attractive or repellent effects on the behavior of insects. We then recorded the activity of olfactory neurons from their antenna in response to 5 of them which had contrasting activities in the behavioral test. By improving our understanding of the olfactory system in these larvae and by determining their orientation behavior in response to odorant stimuli, we aim at bridging the gap between the increasing number of molecular studies conducted on this insect (Malpel et al., 2008; Legeai et al., 2011; Jacquin-Joly et al., 2012; Montagne et al., 2012; Pottier et al., 2012; Poivet et al., 2013) and the scant number of physiological and behavioral studies (Poivet et al., 2012) .
MATERIALS AND METHODS

INSECTS
S. littoralis originated from a laboratory culture maintained on semi-artificial diet (Poitout and Bues, 1974 ) during many generations at 24 • C, 65 ± 5% R.H., and a photoperiod of L16:D8. We used 2th and 3th instar larvae for the behavioral experiments and 5th instar larvae for the electrophysiological experiments.
CHEMICALS
1-Hexanol, (E)-2-Hexenol, (E)-3-Hexenol, Hexanal, cis-Jasmone, Citral, Geraniol, Pentyl-Acetate, Citronellal, Camphene, and Eugenol were purchased from Sigma Aldrich (95-99% purity). All compounds were dissolved in mineral oil (Aldrich), and diluted from 10 −2 to 10 −6 M. The solutions were kept at 4 • C and used within 1 month.
BEHAVIORAL TESTS
We recorded the distribution over time of groups of 10 caterpillars given a choice between 2 food pellets placed into a Petri dish (9 cm diameter) ( Figure 1A) . Each pellet was made of 2.5% agar mixed with 0.1 M fructose, so that caterpillars finding a pellet will start feeding on it. On the pellet, we deposited 10 µl of mineral oil, either pure or with an odorant (10 −5,−4,−3,−2 M). Control consisted of an experiment run with two identical pellets added with mineral oil only and put on each side of the Petri dish. Each Petri dish was placed over a white light panel and monitored during 1 h using a digital camera (Handycam DCR HC20E, Sony). The experiment started after 10 larvae (starved during 20 h prior to the experiment) were disposed in the center of the Petri dish which was covered with a lid.
A test zone and a control zone were outlined in each Petri dish ( Figure 1A) . The number of caterpillars in each zone was counted every 5 min after the beginning of the experiment to determine a preference index (PI) that was calculated from the distribution of the larvae within each zone: PI = (N test − N control )/(N total ) with N = number of caterpillars observed either in the control or the test zone (respectively N control and N test ). Each treatment was replicated 12 times using 10 caterpillars per Petri dish and each caterpillar was tested only once.
ELECTROPHYSIOLOGICAL RECORDINGS
Each caterpillar was restrained by wrapping its body with a strip of Parafilm® over a rigid plastic support, with only its head protruding. A thin silver electrode (0.015 inches dia.) was inserted into the caterpillar body up to the head, and connected to the electrical ground. Electrical signals were obtained by inserting a tungsten electrode at the base of one of the two olfactory basiconic sensilla located on the second segment of the larval antennae (sensillum B2: Laue, 2000) . The electrode usually picked up the activity from up to four olfactory neurons.
The preparation was placed in front of a continuous stream (16 ml/s) of charcoal-filtered and humidified air, delivered through an empty 1 ml plastic syring. A second glass pipette (Ringcaps 100 µl) was facing the antenna at a distance of 1 cm and served as a stimulus source. The stimulus was delivered by diverting an air stream (1 ml/s) into the pipette during 500 ms, using a 3-way solenoid valve (LFAA 1200118H, Lee Valves, USA), driven by a programmable controller (D0-05DD, Automation Direct, USA). A filter paper (1.5 cm × 1.5 mm) was fitted into the stimulus pipette, and loaded with 1 µl of paraffin oil mixed with odorants (1-hexanol, citral, geraniol, pentyl-acetate or eugenol) at different dilutions (10 −6 -10 −2 M).
In each recording session, the sensillum was stimulated with one compound presented as an increasing series of concentrations (10 −6 -10 −2 M step 10). Each stimulus presentation lasted 500 ms and the signal activity was recorded during 3 s, starting 1 s before the stimulus presentation. To prevent adaptation, the inter-stimulus interval was around 2 min. Each stimulus was presented only once. Eight to twelve caterpillars were tested for each stimulus.
The recording electrode was connected to the probe (AI 401, Axon Instrument, USA) of an extracellular amplifier (CyberAmp 320, Axon Instrument, USA), amplified × 1000 and filtered (10-2800 Hz Bessel band-pass). Data were sampled at 10 kHz with a data acquisition card (16-bit A/D; DT9803, Data Translation, USA) under the control of a custom program FIGURE 1 | Binary choices behavioral assay. (A) Schematic diagram of the experimental arena. Two food pellets with added odorant (odor) or with mineral oil only (no odor) are disposed in a Petri dish and 10 caterpillars are gently deposited on the midline of the bottom of the Petri dish at the beginning of the experiment. We recorded their position every five min and counted the number of larvae located within the control zone, the middle zone or the test zone. A preference index (PI) was computed to express the ratio of larvae on each side. (B) Box-and-whisker plots of the position of the larvae on each side of the arena (light gray rectangles = "no odor" side and dark gray = "odor" side) across time in the absence of any odor (control experiment) (n = 10). The boundaries of the box plots represent the first and third quartiles, and the squares represent the median value. The range of non-outlier points is indicated by the extent of a line over and below the boxes. Outliers are shown as a circle and extremes as an asterisk. In this experiment, caterpillars progressively left the central zone and approached the agar pellets. Their distribution reached a plateau after 10 min. (C) Box-and-whisker plots of the preference index corresponding to data of (B). Raw data were transformed into a PI index, computed as the ratio of the difference between the number of larvae on each side of the arena divided by the total number of larvae. A ratio of +1 indicates complete attraction, −1 indicates complete repellency. In the absence of odor, no preference for either side was observed and the PI remained close to zero throughout the experiment. PIs are calculated after one min and then every five min for 20 min.
dbWave (Marion-Poll, 1996) . The responses were analyzed by detecting the number of action potentials during the recording period and further analyzed using Excel (Microsoft, USA). The response to each stimulus was computed as the difference between the number of spikes occurring during the stimulation minus the number of spikes recorded during 0.5 s before the stimulation.
DATA ANALYSIS
All statistical analyses were done with Statistica (v. 10; StatSoft Inc.). To analyse our behavioral experiments, we first determined if the data set could fit a normal distribution, using a ShapiroWilk test with a p-value of 0.05. Five sets of data did not pass the test of normality. Thus, we compared multiple independent samples (groups of insects tested with different chemicals at different concentrations) with a Kruskal-Wallis ANOVA followed by multiple comparisons using concentration as an independent grouping variable. For electrophysiology, all data sets matched the Shapiro-Wilk test with a p-value of 0.05. The spiking activities were thus averaged and compared to the control using a Student's t-test. These analyses were performed using a Bonferroni correction, with the adjusted significance level P = 0.05/n, where n is the number of comparisons made within the same group. A correlation between the behavioral (PI) and electrophysiological responses (n spk/s) was made (Figure 6 ) by computing a regression between these parameters.
RESULTS
CHEMOTAXIS BEHAVIOR ASSAY
As caterpillars moved slowly, we noted their position every 5 min. In the control experiment as well as for experiments involving odorants, the distribution of the caterpillars reached a plateau 15-20 min after the beginning of the experiment (Figures 1B, 2) . In the absence of added odor (control, mineral oil only), the larvae which found a food pellet started feeding or circled around it. In this case, the number of larvae distributed equally across the two feeding pellets and the PI was close to zero (Figures 1B,C: no odor PI 20 min = 0.05 ± 0.07).
In the presence of odorants, the general pattern was similar but the ratio of larvae on each side of the arena was modified; for some chemicals, this difference occurred quite rapidly, even after 5 min. The larvae were significantly attracted by 1-hexanol, cis-jasmone, hexanal and (E)-3-hexen-1-ol at 10 −2 M. While for 1-hexanol the choice was maintained over the observation period once established, it was not maintained for the other chemicals. A possible explanation for this phenomenon could be the occurrence of an uncontrolled gradient or air saturation after several minutes since the experiments were conducted in a closed space. For instance, the odorant gradients formed in a closed space consisting of a 96-well plate are stable for at least for 15 min (Louis et al., 2008) . As for geraniol, although none of the experimental observations were statistically significant, the number of larvae counted on the side of the odorized pellet was consistently greater than on the non-odorized pellet side.
E-2-hexen-1-ol and citral were attractive at 10 −3 M but not at 10 −2 M. Pentylacetate and citronellol did not show significant attractant or repellent effect over the range of concentrations tested. A special mention should be made for citronellol for which an unusual large variability was observed at the lowest dose (10 −5 M). Lastly, camphene and especially eugenol were repellent, at 10 −2 M.
For most chemicals, the number of larvae on each side increased regularly over the observation period. Citral appeared as a notable exception since 10 −2 M citral was clearly attractive after 5 and 10 min while the number of larvae on the odorized pellet side decreased afterwards. Figure 1C . Each curve represents the distribution of 12 groups of 10 larvae across time (1, 5, 10, 15 and 20 min). These observations were compared to the control ( Figure 1B ) using concentration as an independent grouping variable, and marked with " * " (p < 0.05), " * * " (p ≥ 0.01) or " * * * " (p ≥ 0.001).
ELECTROPHYSIOLOGICAL RESPONSES
We then asked if the behavioral effect of these chemicals as attractant or repellent could be inferred from the response induced in the olfactory neurons on the antenna of these larvae. We selected 5 molecules which differed in their behavioral effect (from attractant to repellent): 1-hexanol, geraniol, pentyl-acetate, and citral and eugenol.
All recordings reported here were obtained from sensillum B2 (Laue, 2000) , by inserting a tungsten electrode at the base of it. We selected this sensillum because it was the most accessible to recording during pilot experiments. In all preparations, we obtained a high background activity which was 125.6 ± 2.5 spikes/s (mean ± s.e.m.; n = 255 recordings; time: 0-0.5 s). We could usually observe 2-4 classes of spikes 
FIGURE 4 | Electrophysiological responses of the sensillum B2-5 odorants in relation to the dose.
Odorants were delivered to the antenna during 500 ms. The concentration of each odorant was expressed in log 10 of moles (M) (m.o, mineral oil). Each data point of the graph represents the average firing rate (± s.e.m.) calculated from the number of spikes emitted during the 500 ms stimulus minus the number of spikes elicited over the 500 ms period before the stimulus (n = 8-12 caterpillars, 1 stimulation per caterpillar). All the results were compared to the control using a Student's t-test with Bonferroni correction. (Figure 3) . The high level of activity in these recordings precluded performing reliable spike sorting. Therefore, the analysis we propose here is based upon the total nervous activity within one sensillum.
The response was computed as the number of action potentials during the stimulation minus the number of action potentials during the previous interval (Figure 4) . The number of spikes generally increased with the concentration of the odorant stimulus, except for geraniol where the highest concentration yielded less spikes. The most stimulating compound of the series is 1-hexanol.
In order to look at the dynamic of the responses during and after the stimulation, we computed the number of spikes over consecutive 100 ms bins (Figure 5) . A small increase of the firing was generally observed during the stimulation in response to stimulation with paraffin oil (Figure 5 ). The responses for the different stimuli tested were phasic, reaching a maximum within 100 ms after the beginning of the stimulation and then decreasing quickly, with no marked plateau during the 500 ms stimulus (Figure 4) . The most phasic response was observed with geraniol 10 −2 M. Following stimulation with 1-hexanol, geraniol and pentyl-acetate, we observe a marked post-stimulus inhibition. This inhibition is less prominent with citral and eugenol ( Figure 5 ).
CORRELATION BETWEEN BEHAVIOR AND ELECTROPHYSIOLOGY
In order to compare our behavioral observations with the electrophysiological responses obtained on sensillum B2, we plotted the electrophysiological response and the behavioral response at each concentration (Figure 6) . A good correlation is found for 1-hexanol (R 2 = 0.659) and eugenol (R 2 = 0.850) but not for the other compounds with R 2 = 0.036, 0.155, and 0.094 respectively for pentyl-acetate, geraniol and citral.
DISCUSSION
In Lepidoptera, the olfactory system has been mostly studied in the adult stage. However, the complexity of the adult olfactory system makes it difficult to understand how sensory inputs are detected at the peripheral level and translated into behaviors. By contrast, the caterpillar olfactory system is much simpler and consists of 2 olfactory organs, the antenna that bear only 3 olfactory sensilla basiconica and the maxillary palps that bear 8 sensilla, 4-5 of which are olfactory (Grimes and Neunzig, 1986; Laue, 2000; Vogt et al., 2002; Roessingh et al., 2007) . Together, 16 olfactory neurons are found on the antennae (Schoonhoven and Dethier, 1966; Dethier and Schoonhoven, 1969) . In S. littoralis, the larvae express 22 out of 47 identified olfactory receptors; 15 of them are expressed in both the antennae and the palps, 1 is expressed only in the palps and 6 are expressed only in the antennae (Poivet FIGURE 5 | Time course of the firing responses to stimulation. We computed the number of spikes occurring during consecutive 100 ms bins (n = 8-12 caterpillars, 1 stimulation per caterpillar for one dose of odorant). In order to reduce the dispersion of the curves due to inter-individual differences, we normalized the response by subtracting the average number of spikes per bin recorded during 0.5 s before the stimulus presentation. Blue bar = stimulus; Black to light gray curves: response to decreasing concentrations of the odorants. Dotted line: response to mineral oil (control). et al., 2013) . Even with such a reduced olfactory system, caterpillars have astonishing discrimination capabilities (Carroll et al., 2006; De Boer, 2006; Glendinning et al., 2009; Mooney et al., 2009; Piesik et al., 2009 Piesik et al., , 2013 Tanaka et al., 2009 ) which change according to experience or associative learning (Carlsson et al., 1999; Blackiston et al., 2008; Salloum et al., 2011) .
In this work, we characterized the behavioral responses of S. littoralis larvae to selected natural odorants known either to be attractive or repellent in several species using a simple Petri dish assay. In S. littoralis, only a few studies identified relevant odorants for larvae (Carlsson et al., 1999; Salloum et al., 2011) and we chose 11 molecules which were commonly found in plants, and which had been documented to be either attractant or repellent. We show that caterpillars exhibit different responses depending on the odorant and its concentration. Among the 11 compounds tested, 1-hexanol, hexanal and cis-jasmone elicited a dose-dependent attraction (PI > 0.4) while camphene and eugenol were repellent (PI < −0.4). E-(2)-hexen-(1)-ol and citral were attractive at lower doses while they were less efficient or even repellent at the highest concentration. This pattern is reminiscent of what has been observed in other Lepidoptera larvae, such as Yponomeuta cagnagellus and Y. padellus (Roessingh et al., 2007) , Ostrinia nubilalis (Piesik et al., 2009) , and Bombyx mori (Tanaka et al., 2009 ). In Drosophila, odorants are also attractive or repellent depending on the concentration (Acebes and Ferrus, 2001; Devaud, 2003) .
The Petri dish assay, as opposed to more sophisticated behavioral observation setups, is a simple way to screen for behaviorally relevant odors in Lepidoptera larvae but it has limitations. This assay could be improved by using one larvae per Petri dish as opposed to groups of larvae, to prevent social interactions (Dussutour et al., 2008) , which either reinforce attraction or expose larvae to aggressions. We often observed larvae engaging into aggressive behaviors in close vicinity to the food, presumably On this graph, we plotted the responses to each stimulus as measured on the behavior (PI: red dots) and by recording the spiking activity of B2 sensilla (spk/s: blue dots). A regression was computed between these 2 variables to evaluate if the spiking activity is a good predictor of the behavior (R2 displayed below the molecule name). The concentration of each stimulus is reported on the abscissa by the log 10 value of the molar concentration.
a consequence of the starvation imposed on them prior to the experiment (Richardson et al., 2010) . The assay should be limited in time since air saturation may occur rapidly, leading to possible larvae disorientation despite the use of fructose to retain insects near the pellet once they had found it. In addition, comparing the "olfactory" activity of the different chemicals tested should be made with caution, as the volatility of the odorants differs, especially since we deposited odorants as dilution in paraffin oil on the diet. Lastly, as larvae can learn to associate odorants with their food (Carlsson et al., 1999; Blackiston et al., 2008; Salloum et al., 2011) , we need to keep in mind that natural components of the diet (Poitout and Bues, 1974) emit odorants (such as hexanol, hexanal and hexenol) which can influence the orientation behavior. We assumed here that this exposure did not significantly affect our observations but this hypothesis would need more rigorous testing. After evaluating how caterpillars orient toward odorants, we recorded responses from olfactory neurons on the antenna of these larvae in the hope to find either neurons specialized to any of these odorants or physiological correlates with their attractiveness or repellency. We focused on sensillum B2 of the antenna because in our hands, this sensillum was more accessible to recordings than the others. B2 neurons responded to all stimuli tested in this study by an increase in the spiking activity. In the absence of any olfactory stimulus, the baseline activity of these neurons was high (about 100 spikes/s) which is in stark contrast with the low basal activity recorded in pheromone sensilla of the adults (about 5-20 spikes/s) (Binyameen et al., 2012) . This activity was usually maintained during the whole recording session. It could be genuine, i.e., related to the specific olfactory receptors expressed in the larval olfactory receptor neurons (Hallem et al., 2004) . This high baseline activity could make room for encoding odorants both with excitation and with inhibition. None of the odorants reduced the global spiking activity nor did they induce a prolonged after-response modification of the spiking activity. Thus, from the time-course of the electrophysiological responses collected in sensillum B2, we cannot identify if the compounds tested are attractive or repellent for the larvae. However, we have found a good correlation between our electrophysiological observations for hexanol and eugenol (Figure 6 ), for which a higher spiking activity correlates well with either attraction (hexanol) or repellency (eugenol) . For the other chemicals tested (geraniol, pentyl-acetate, and citral), the relation is not clear. These observations suggest that sensillum B2 host neuron(s) responding to hexanol and eugenol which activity is directly correlated to the orientation behavior, while other neurons which fire in response to pentyl acetate, geraniol and citral are not decisive in inducing an orientation behavior. Electrophysiology is thus not a good predictor of the behavior.
The responses observed at the periphery are consistent with the hypothesis that olfactory receptor neurons in the larvae are generalist, at least in B2 sensilla. In adults of S. littoralis, while olfactory neurons tuned to pheromone components are highly specific and sensitive (Ljungberg et al., 1993) , the olfactory neurons specificity to plant stimuli ranged from highly specific to broadly tuned (Anderson et al., 1995 (Anderson et al., , 1996 Jönsson and Anderson, 1999; Binyameen et al., 2012) . In the larvae, the reaction spectra of the olfactory receptor neurons of sensillum B2 are overlapping but not identical as the dose-response curves of the responses exhibit different shapes. These observations concur with our former report, where we demonstrated that neurons in sensillum B2 respond to the sexual pheromone (Poivet et al., 2012) . This indicates that olfactory receptor neurons of S. littoralis caterpillars respond to different odorants without being specialized to specific molecules.
Similar observations were reported by other authors who examined the olfactory responses of different species of caterpillars, such as Manduca sexta (Dethier and Schoonhoven, 1969) and Malacosoma americanum (Dethier, 1980b) . More recently, Roessingh et al. (2007) examined the responses of olfactory receptors of the maxillary palps of Yponomeuta cagnagellus. They found cells that responded to structurally different compounds such as (Z)-3-hexenol and benzaldehyde, but also cells that responded to only one of these two compounds. Generalist cells could express olfactory receptors which are loosely tuned to several odorants. Our results are also in concordance with the observations of Itagaki and Hildebrand (1990) who studied the olfactory interneurons in the brain of Manduca sexta caterpillars. They did not find any neuron that responded to only one odor; all cells that responded to one of the olfactory stimuli also responded to some or all of the others. They suggest that caterpillar assesses the quality of different odors by an 'across-fiber' firing pattern of the olfactory interneurons in its central nervous system. Even if S. littoralis larvae are equipped with only a few "generalists" receptors, they possess the potentiality for generating distinct behavioral responses, which are elaborated at the level of the central nervous system that analyses and interpret the receptors activity pattern. The encoding capabilities of their limited olfactory system are therefore striking. It suggests an across fiber coding by broadly tuned neurons and makes it unlikely that each cell expresses only one receptor. That larvae are able of such fine discriminations strongly suggests that odorants play a strong role in their biology. Actually, although the "mothers know best" principle is generally true (Garcia-Robledo and Horvitz, 2012) , implying that the host choices are determined by adults, more experimental situations show that larvae need to orient and make choices based on odors (Piesik et al., 2009 (Piesik et al., , 2013 , especially in larvae like S. littoralis which have been described to leave their host plant during day time to hide on the ground (Hosny et al., 1982) and to rely on a wide range of odorants to orient, including pheromones and past experience (Salloum et al., 2011; Poivet et al., 2012) .
